Objectives: Bedtime carbohydrate (CHO) intake in patients with type-2 diabetes may improve glucose tolerance at breakfast the next morning. We examined the`overnight second-meal effect' of bedtime supplements containing`rapid' or`slow' CHOs. Design: Randomized cross-over study with three test-periods, each consisting of two days on a standardized diet, followed by a breakfast tolerance test on the third morning. Setting: The Lundberg Laboratory for Diabetes Research, Sahlgrenska University Hospital, Go Èteborg, Sweden. Subjects: Sixteen patients with type 2 diabetes on oral agents andaor diet. Interventions: Two different bedtime (22.00 h) CHO supplements (0.46 g available CHOakg body weight) were compared to a starch-free placebo (`normal' food regimen). The CHOs were provided as uncooked cornstarch (slow-release CHOs) or white bread (rapid CHOs). Results: On the mornings after different bedtime meals we found similar fasting glucose, insulin, free fatty acid and lactate levels. However, the glycaemic response after breakfast was 21% less after uncooked cornstarch compared to placebo ingestion at bedtime (406 AE 46 vs 511AE 61 mmol min 1 71 , P`0.01). In contrast, it did not differ when the evening meal consisted of white bread (451 AE 57 mmol min 1 71 ) compared to placebo. According to an in vitro analysis, uncooked cornstarch contained $ 4 times more slowly digestible starch as compared to white bread. Conclusions: A bedtime meal providing uncooked cornstarch improved breakfast tolerance the next morning while, in contrast, this was not found following a bedtime meal of white bread. The results are consistent, therefore, with the concept that an increased intake of slowly digestible carbohydrates exert an overnight secondmeal effect in patients with type 2 diabetes. Sponsorship: This study was supported by grants from the Swedish Medical Research Council (project 3506) and the Ingabritt and Arne Lundberg Foundation.
Introduction
Type 2 diabetic patients exhibit important changes in diurnal insulin sensitivity, with a more pronounced insulin resistance in the morning as compared to in the afternoon (Atiea et al, 1987; Dimitriadis et al, 1988; Perriello et al, 1998; Shapiro et al, 1991) . This perturbation has a negative effect on both the fasting and morning postprandial blood glucose concentrations (Bolli, 1988; Ferrannini et al, 1988; Firth et al; McMahon et al, 1989; Mitrakou et al, 1990) . Finding a regimen which alleviates the insulin resistance in the morning should, thus, be considered critically important in the management of type 2 diabetes. The potential role of the diet, such as timing and release pro®le of various carbohydrates, remains to be de®ned.
The concept of a second-meal effect has attracted interest in recent years (Abraira et al, 1987; Jenkins et al, 1982; Shaheen & Fleming, 1987; Wolever et al, 1995 Wolever et al, , 1988 . Brie¯y, it may be de®ned as the ®rst of two consecutive carbohydrate loads leading to improved glucose tolerance to the second. Wolever et al, (1988) showed in healthy subjects that breakfast carbohydrate tolerance can be improved when low-glycaemic-index foods are eaten the previous evening. Recently, we have shown that a large amount of bedtime carbohydrates, provided as uncooked cornstarch, also leads to an improved glucose tolerance the next morning in type 2 diabetic patients (Axelsen et al, 1997) . However, the mechanism(s) for the overnight second-meal effect by cornstarch ingestion were not fully elucidated. Since uncooked cornstarch possesses a slow release pro®le in vivo (Axelsen et al, 1999; Chen et al, 1984; Collings et al, 1981; Hayde & Widhalm, 1990; Wolfsdorf & Crigler Jr, 1997) , the lente characteristic of the food may be critical in eliciting the overnight secondmeal effect in type 2 diabetic patients.
The aims of this present study, therefore, were to examine the overnight second-meal effect of a bedtime supplement of`rapid' and`slow' starch and to compare that to the effect of a starch-free placebo (a`normal' mealregimen) in type 2 diabetic patients. In addition, an in vitro analysis was undertaken to examine the content of rapidly and slowly digestible starch in uncooked cornstarch and in two reference foods.
Material and methods
Sixteen patients with type 2 diabetes were recruited by means of newspaper advertisement. They had a glycated hemoglobin A 1c below 10% (ref. 3.3 ± 5.3%) and fasting blood glucose below 12 mmolal. None of the patients were treated with insulin. Treatments and clinical characteristics of the patients are shown in Table 1 . All participants gave their informed consent and the study was approved by the Ethical Committee of Go Èteborg University.
Metabolic study
The patients were studied in three consecutive periods in random order, with 5 ± 10 d separating each period. During the test periods the patients adhered to a standardized diet at home for 2 d. In the evenings at 22.00 h a bedtime meal was taken. A meal tolerance test was performed in the laboratory on the third morning. The standardized diet (Table 2) , which was prepared in advance, was stored at 7 18 C and thawed on the day of consumption. The energy content was 8.4 MJ (2000 kcal), with 19% of energy (E%) from protein, 36 E% from fat and 45 E% from carbohydrates, and the ®ber content was 46 gad. Beverages were standardized individually. The patients were informed to abstain from exercise and, if applicable, to carefully follow the prescribed times for medical treatments.
Three different bedtime meals at 22.00 h were tested (Table 3 ). The uncooked cornstarch (Maizena 1 , CPC Foods AB, Kristianstad, Sweden) and bread supplements provided an identical amount of available carbohydrates, 0.46 gakg body weight. The placebo contained only a thickening-agent (pectin) and, hence, no available starch. The cornstarch and placebo ingredients were pre-mixed and dispensed in jars. In the bread period, the juice was taken along with the bread. The meals provided the same amount of water, and no other liquids were allowed for 1 h before or after the meals.
The patients came to the laboratory at 07.30 h on day three, fasting from 22.10 h the previous evening. Hypoglycaemic agents, if any, were taken at the laboratory 20 min before being served a standard breakfast. A venous catheter was placed in the left arm, which was kept in heating pads to arterialize the blood. Samples were collected at 7 10 and 0 min for analysis of glucose, insulin, free fatty acids and lactate. The standardized breakfast consisted of wholegrain bread with butter, cheese (28% butterfat) and ham and was served at 08.00 h, with coffee or tea in a standardized amount. The calculated energy content was 2.0 MJ (484 kcal) and 1.8 MJ (420 kcal) for males and females, respectively, of which 14 E% were derived from protein, 40 E% from fat and 46 E% from carbohydrates. Postprandial blood samples were collected every half hour for 4 h. Blood glucose was analyzed by an automatic glucose analyzer (YSI, Yellow Springs Instruments, Texas). The remaining samples were centrifuged, frozen and stored at 7 20 C until analysis. Plasma free fatty acids were determined with an enzymatic colorimetric method (Wako Chemicals GmbH, Neuss, Germany). Plasma insulin was determined with radioimmunochemical analyses (Pharmacia Insulin RIA, Pharmacia AB, Uppsala, Sweden) and plasma lactate by an automatic analyzer (YSI, Yellow Springs Instruments, Texas). 
Starch analyses
A starch analysis was undertaken for: (1) white bread; (2) uncooked cornstarch; and (3) pumpernickel-bread with 100% kernels (Schwarzbot, Delba, Delbrck, Germany). The white bread and cornstarch samples were from the same batch of foods used in the metabolic study. The pumpernickel bread was included as a reference product for a`slowly digestible' starchy food. Because the cornstarch ingredients were pre-mixed before the actual ingestion by the patients, an additional digestibility analysis was performed on uncooked cornstarch which had been left in water for 48 h. The amounts of rapidly digestible starch, slowly digestible starch, resistant starch and total starch were analyzed by in vitro enzymatic hydrolysis and the released glucose measured by glucose oxidase (GOD-PAP, Boehringer), as previously described (Englyst et al, 1992) . Brie¯y, chewing was mimicked by passing the bread through a standardized mincer (0.9 cm diameter holes). Samples were put in tubes containing pepsin, pectin, hydrochloric acid and glass-beads and were shaken in a water bath (37 C) for 30 min. Rapidly digestible starch (RDS) was de®ned as the glucose released after 20 min incubation with pancreatin (Pancrex V, Paines & Byrne, Greenford, Middx, UK) and amyloglycosidase (EC 3.2.1.3, Novo Norisk, Copenhagen). After a further 100 min, a second sample was removed, de®ned as slowly digestible starch (SDS). Total starch (TS) was de®ned as the glucose released by complete enzymatic hydrolysis of starch after gelatinization in boiling water and treatment with potassium hydroxide to disperse retrograded amylose. Resistant starch (RS) was de®ned as the starch not hydrolyzed after 120 min incubation (TS 7 (RDS SDS), and available starch (Table 3 ) de®ned as TS-RS.
Statistical analyses
The data are presented as means AE s.e.m., unless otherwise stated. Data are expressed as fasting values, peak responses and the incremental area under the curve above baseline (IAUC) (Matthews et al, 1990) . Statistical signi®cances between cornstarch and placebo, and between white bread and placebo, were evaluated by Wilcoxon's paired ranksum test. All signi®cances are two-tailed and a P-level of 0.05 was considered statistically signi®cant.
Results

Metabolic study
On the morning after uncooked cornstarch, white bread or placebo at 22.00 h, similar fasting levels (08.00) of blood glucose (8.2 AE 0.5, 8.2 AE 0.5 and 8.1 AE 0.4 mmolal), insulin (11.9AE 1.4, 11.6AE 1.3 and 12.5AE 1.4 mUal), FFA (0.67AE 0.6, 0.70AE 0.06 and 0.69AE 0.06 mmolal) and lactate (1.1 AE 0.1, 1.2 AE 0.1 and 1.2 AE 0.1 mmolal) were obtained. However, the IAUC for glucose after breakfast ( Figure 1A ) was 21% less following cornstarch compared to placebo consumption the previous evening (406 AE 46 vs 511 AE 61 mmol min 1
71
, P`0.01). In contrast, the postbreakfast glucose IAUC after white bread was 451 AE 57 mmol min 1
, which did not differ signi®cantly from placebo consumption in the previous evening. The blood glucose peak after breakfast subsequent to cornstarch (12.0 AE 0.5 mmolal) was lower than the peak following placebo consumption the previous evening (12.7 AE 0.4 mmolal) (P`0.05) but, again, did not differ after white bread (12.4 AE 0.5 mmolal) compared to after placebo consumption. The post-breakfast IAUC or peak levels for insulin ( Figure 1B) , and AUC or nadir levels for FFA (data not shown), were similar after the different bedtime snacks. However, the lactate IAUC after breakfast was higher after cornstarch consumption (104 AE 14 vs 83 AE 14 mmol min 1 71 for cornstarch and placebo, respectively, P0 .05), but not after intake of white bread (95 AE 24 mmol min 1
).
Starch analyses
The results from the in vitro digestibility analyses are shown in Table 4 . The total starch content per 100 g ranged from 32 ± 89 g. Expressed as % of total starch, rapidly digestible starch represented 88% of the starch in white bread (Table 4 ). In contrast, uncooked cornstarch and pumpernickel bread contained similarly low proportions (38% and 48%) of rapidly digestible starch, and high proportions (55% and 51%) of slowly digestible starch. The contribution of resistant starch from all foods were minor (data not shown), the highest being 6 ga100 g dryweight in uncooked cornstarch. We found no effect on starch digestibility by soaking the cornstarch in roomtempered water for 48 h (Table 4) .
Discussion
An increase in carbohydrates in the evening meal does not affect glycaemic control the next morning in type 2 diabetic patients (Axelsen et al, 1997; Beebe et al, 1990 ). However, Figure 1 (A) Mean glucose (top) and (B) insulin (bottom) levels during a standardized breakfast in 16 type 2 diabetic patients after ingestion at 22.00 h the previous evening of uncooked cornstarch (*) and white bread (s) or carbohydrate free placebo (u). Vertical bars represent standard error (SE). IAUC; area under incremental curve.
Bedtime carbohydrates in type 2 diabetes M Axelsen et al we speculated that this is due to the carbohydrates being supplied by`rapid' foods. White bread is, by de®nition (Wolever et al, 1991) , a high glycaemic food. The novel ®nding of this present study is that a bedtime meal providing carbohydrates from uncooked cornstarch positively affected breakfast tolerance the next morning while, in contrast, this was not found following a bedtime meal consisting of white bread. According to the in vitro analysis, uncooked cornstarch had a similar release pro®le as pumpernickel bread, a well-recognized`slow' food (Jenkins et al, 1986) . The data, thus, suggest the importance of a slow release pro®le of the carbohydrates in eliciting an overnight second-meal effect in type 2 diabetic patients. The purpose of this present study was to de®ne the preferable kind of carbohydrates a dietary supplement should contain in order to exert an overnight second-meal effect in type 2 diabetics. The results were consistent with the concept that slowly digestible carbohydrates exert a second-meal effect. In addition to types of carbohydrates, the amounts used are probably also of importance. In both the white bread and cornstarch periods, the amounts of carbohydrates were increased compared to the`normal' period. In contrast, when comparing the glycaemic response after breakfast in the white bread and cornstarch periods, it tended to be less after cornstarch than after bread but this effect was less pronounced than compared to the normal meal regimen (Figure 1 ). However, it may be argued that the high fat content of the breakfast meal (40% of the energy) may diminish the`glucotoxic' effect of high glucose peaks, due to inhibition of the gastric emptying (Cunningham & Read, 1989) . If so, the bene®cial effect of cornstarch compared to white bread may be larger than that demonstrated here.
The factor(s) responsible for the overnight second-meal effect have not yet been established. Free fatty acids have a number of effects, such as decreased peripheral glucose disposal (Boden & Chen, 1995; Groop et al, 1989) , à lipotoxic' effect on pancreatic insulin release (Bjo Èrklund et al, 1997; Paolisso et al, 1998) and an increased endogenous glucose production (Golay et al, 1987; Saloranta et al, 1991) , all of which are present in type 2 diabetic patients. Wolever et al (1995) showed in healthy subjects that the second-meal effect is associated with reduced free fatty acid levels before and after the second meal. In addition, we found in type 2 diabetic patients, that the free fatty acid levels late at night (2 ± 7 am) were reduced after increased intake at bedtime of`slow' carbohydrates ( $ 50 g) at 22.00 h, while this was not found after increased intake of similar amounts of`rapid' carbohydrates (Axelsen et al, unpublished observations).
The clinical implications of this present study remain to be shown. A bedtime carbohydrate supplement will raise the nocturnal glucose levels, clearly an unwanted change in type 2 diabetic patients. However, a low dose ( $ 25 g) also elicits bene®cial effects on morning glucose metabolism, at least in patients with well-preserved endogenous insulin secretion (Axelsen et al, unpublished observations) . Hence a temporal change in carbohydrate intake, whereby the bene®cial effects of a diminished breakfast carbohydrate content (Stilling et al, 1998) are combined with a bedtime slow-release carbohydrate supplement, may be worthy of study in type 2 diabetic patients. In addition, a lipotoxic effect of free fatty acids on the pancreatic insulin release (Shimabukuro et al, 1998) and an elevated endogenous glucose production are present also in obese patients with impaired glucose tolerance. Whether bedtime intake or slow-release carbohydrates may alleviate these perturbations and, therefore, prevent or delay the development of manifest diabetes in these individuals, is an intriguing possibility that warrants further studies.
Conclusions
A bedtime meal providing carbohydrates from uncooked cornstarch positively affects the glucose tolerance the next morning in type 2 diabetic patients, while this effect is not achieved with a bedtime meal consisting of white bread. Uncooked cornstarch contain half the amount of rapidly digestible carbohydrates but $ 4 times more slowly digestible starch as compared to white bread. The results are consistent, therefore, with the concept that an increased intake of slowly digestible carbohydrates exerts an overnight second-meal effect in patients with type 2 diabetes. 
